A relationship is proposed for the interfacial partitioning of protein in poly(ethylene glycol) (PEG)-phosphate aqueous two-phase system (ATPS). The relationship relates the natural logarithm of interfacial partition coefficient, ln G to the PEG concentration difference between the top and bottom phases, [PEG], with the equation ln G = A [PEG] + B. Results showed that this relationship provides good fits to the partition of bovine serum albumin (BSA) in ATPS which is comprised of phosphate and PEG of four different molecular weight 1450 g/mol, 2000 g/mol, 3350 g/mol and 4000 g/mol, with the tie-line length (TLL) in the range of 44-60% (w/w) at pH 7.0. The decrease of A values with the increase of PEG molecular weight indicates that the correlation between ln G and [PEG] decreases with the increase in PEG molecular weight and the presence of protein-polymer hydrophobic interaction. When temperature was increased, a nonlinear relationship of ln G inversely proportional to temperature was observed. The amount of proteins adsorbed at the interface increased proportionally with the amount of BSA loaded whereas the partition coefficient, K remained relatively constant. The relationship proposed could be applied to elucidate interfacial partitioning behaviour of other biomolecules in polymer-salt ATPS.
Introduction
Protein partition in aqueous two-phase system (ATPS), an attractive alternative bio-separation process, has been exploited extensively for its potential in purification and recovery of biomolecules. In comparison to the conventional protein purification techniques, ATPS which constitutes mutually immiscible polymer-polymer or polymer-salts mixtures has drawn more interest in the field of biotechnology. ATPS could serve as a primary purification step in view of overall protein recovery and removal of contaminants could be achieved through an economically viable, easily scale-up, mild enough secure purification technique which capable of retaining target biomolecules biological activities [1] . A common phenomenon observed in ATPS is the occurrence of biomolecules accumulation at the interface. This third phase formation either arises from selective partition of biomolecules to the interface (which is also known as adsorption at interface), or a result of biomolecules precipitation to the interface due to phase saturation [2] . Although this has been considered as deleterious in the past, partition of biomolecules to the interface has the potential to serve as an alternative up-scaled protein purification method in recent years [3] . Existing studies which examine mechanisms and parameters affecting interfacial partition of proteins are still limited. To exploit its full potential as a recovery step in bio-separation process, it is necessary to better understand the mechanism as well as ATPS parameters which lead to interfacial partition.
In a polyethylene glycol (PEG)-salt ATPS, increasing differences between phase compositions, i.e. tie-line length (TLL), induces significant changes in partitioning behaviour of larger biomolecules [4] . For a phase system close to the critical point and low protein concentration, "true partitioning" behaviour that independent of protein concentration can be observed. However, for regions further from the critical point, protein partitioning behaviour changes significantly and leads to a region of increasing adsorption or precipitation of biomolecules at the interface. Kiss et al. and Borbás et al. studied the interfacial behaviour of proteins and the mechanical properties of the protein emulsion gel at the interface of water-ammonium sulfate-tert-butanol three phase partitioning (TPP) system [5, 6] . It was shown that the magnitude of the proteins adsorbed to the interface correspond to the rise of interfacial tension with the change in composition of the two aqueous phases. Bamberger et al. [7] suggested that the interfacial tension, is related to the poly(ethylene glycol) (PEG)concentration difference between the phases ( [PEG]) by an exponential relationship. This relationship was observed by Mishima et al. [8] and Wu et al. [9] for PEG-salt ATPS. A good agreement with experimental data was shown. The simplified linear relationship developed by Diamond and Hsu [10] correlating protein partitioning in ATPS with [PEG] may be limited to polymer-polymer ATPS. Yet, these findings suggest the possibility of protein interfacial partitioning performance evaluation through interfacial tension and [PEG] measurement. A descriptive model that described the interfacial partition of ideal spherical biomolecules in polymer-salt ATPS was introduced by Luechau et al. [3] . The interfacial partition coefficient was described as an exponential function of the interfacial tension between the phases. However, not all biomolecules are ideally spherical in shape, thus the equation may not accountable for partition of real biomolecules.
Therefore, in this study, a theoretical proof for the equation reported by Bamberger et al. [7] which relates the interfacial tension to the difference of PEG concentration, [PEG] between the two aqueous phases was developed using statistical mechanics. The theoretical model of biomolecules interfacial partition in ATPS developed by Luechau et al. [3] was adopted. Based on these theoretical proof and model, we proposed an alternative method to evaluate the interfacial partition coefficient of protein in ATPS, ln G by measuring the [PEG] effect. Experiments were then carried out to validate this relationship and the effect of [PEG] , PEG molecular weight, temperature, and protein load on the interfacial partition of bovine serum albumin (BSA) was studied.
Theory
The interfacial tension, is related to [PEG] by an exponential relationship [7] [8] [9] , given by
where a and b are both constants which depend on the polymer type, molecular weight, concentration, temperature and salt type.
In this paper, a theoretical proof of the above relationship was developed using statistical mechanics to validate the relationship between the ln G and [PEG] of PEG-phosphate ATPS. In physics, the definition for change of pressure, P is:
where k is a constant and is tension. Since pressure, P is defined as force per unit area, F/A (for simplicity, A shall be assumed to be a square) while tension, is the force along a line of unit length, F/L. Eq. (2) can be expressed as:
The change in force per unit area, F/A can be rewritten as:
By applying the recurrence relation approach, we obtain that
The breath increases from l − 1 to l, causing the dl to increase as well, thereby maintaining a square shape for A. By taking unity for dl, the breath increases by 1. Therefore, the right hand side of Eq. (5) is equal to the ratio of change of F/L (i.e. corresponding to a change in L by unity) to l at L = l − 1. To solve Eq. (5), we take dl = l − 1 and
Rearranging Eq. (6) above, we can write that
Since when SI units are used, we have k 1, and the following relationship is reached:
The penetration of protein molecules through the interface is brought about by a force exerted on the surface causing a curvature, and we can assume the Young-Laplace equation:
but for a square surface, R x = R y = R and Eq. (9) becomes:
Also,
where a is a constant. The proof of Eq. (11) is as follows. Concentration of the dissolved solid, c around domain of radius R is given by the Gibbs-Thomson equation [11] :
where c 0 is the liquid equilibrium concentration in contact with the flat solid, is the solid-liquid interfacial energy, ˝ is the molecular volume of the solid, k is the Boltzmann constant, and T is the sintering temperature. If 
From Eq. (13), taking unity for c 0 , one arrives at 
where c is a constant. Eq. (15) is similar to Eq. (1), thereby proving the relationship found in the experiment by Bamberger et al. [7] , Mishima et al. [8] and Wu et al. [9] . From this proof, it could be interpreted that the origin of b in Eq. (1) is dependent on temperature, molecular weight, concentration, polymer and salt type. Temperature affects the magnitude of particles being adsorbed, while TLL and polymer molecular weight affect the buoyancy and hence the pressure.
It is generally reported that the protein partitioning behaviour becomes extensively one-sided (i.e. high partition coefficient) when there is an increase in ATPS composition. However, in this study, we found that the decreasing distribution of targeted protein to the bottom phase and particularly the rise in protein adsorption at the interface were the main factors that result in high partition coefficient at increased TLL. This trend could be explained by the fact that for ATPS with system composition near to the critical point, protein solubility could be properly maintained in the top phase by Debye effect [12] . On the contrary, increasing differences between the phase compositions (i.e. ATPS shifted away from the critical point) promotes Lifshitz-Van der Waals interactions that results in protein accumulation at the interface [13] . Therefore, for protein partitioning in ATPS with protein accumulation at the interface, we proposed ln G as a better description of protein partition coefficient as compared to previous studies [14, 15] .
According to Luechau et al. [3] , the separation of biomolecules between the top phase and the interface, ln G can be expressed as:
where TB is the interfacial tension between the two bulk phases, d 2 p is the particle surface area, ˛ is the contact angle, k is the Boltzmann constant, and T is the absolute temperature (K). G = N 1 /N 2 is the partition ratio associating the number of biomolecules between one bulk phase, N 1 and the interface, N 2 . When the proven Eq. (15) is substituted into Eq. (16) above, the ln G is a function of the inverse of temperature, T, an exponential function of [PEG], surface area d 2 p , and contact angle, ˛ as follows.
Eq. (7) is for a square with dimension L = l and Eq. (8) is for a square with dimension L = l + n. Thus, it can be deduced that the relationship between ln G and [PEG] may depend on the size of the layer formed. However, when we assume a small area for the layer, n → 0, the following equation can be deduced.
Since Eqs. (16)- (18) are limited to ideal spherical biomolecules; they could not satisfactorily express the partition of real biomolecules. Therefore, for real biomolecules, we proposed:
The term ε is the difference in energy needed to transfer ideal spherical particles and real biomolecules from one of the aqueous phase to the interface or to the other aqueous phase. Eq. (19) can be rewritten as:
From Eq. (20), it is expected that more energy is needed to transfer the biomolecules from one phase to another phase for ATPS composed of higher molecular weight PEG than that of lower molecular weight PEG. Eq. (20) can be simplified and the correlation between ln G and [PEG] takes the form:
where A is constant which depend on particle surface area, contact angle and temperature; B is the constant which depend on polymer molecular weight. Therefore, a plot of ln G against [PEG] should give a straight line with slope A.
Experimental

Materials
Bovine serum albumin (BSA) (crystallized and lyophilized), PEG 1450 g/mol and PEG 3350 g/mol were purchased from Sigma-Aldrich (St. Louis, MO, USA). PEG 2000 g/mol, PEG 4000 g/mol, dipotassium hydrogen orthophosphate (K 2 HPO 4 ) and potassium dihydrogen orthophosphate (KH 2 PO 4 ) were obtained from Merck (Hohenbrunn, Germany). Protein assay dye reagent concentrate was sourced from Bio-Rad Laboratories (Hercules, California). All chemicals were of analytical grade.
Phase diagrams
The binodal curves were constructed using turbidometric titration method [16] . The systems were centrifuged at 4000 rpm with a Bench Top Centrifuge Universal 32R (Hettich, Germany) for 5 min to ensure that one-phase system has formed. For the determination of TLL, aliquots from top and bottom phase were collected to measure the PEG and phosphate concentrations in each phase. The PEG concentration in both aqueous phases was calculated by measuring the refractive index of the aliquots with refractometer (Atago Dal-1, Japan) and deducting the refractive index value contributed by salt. The phosphate concentration was calculated by conductimetry (Mettler Toledo S47-K, Switzerland) from calibration curve constructed for standard salt concentrations within the linear range.
Protein partitioning studies
The ATPS were prepared according to the phase diagrams shown in Fig. 1(a) -(d) on a % (w/w) basis by mixing appropriate amount of 40% (w/w) phosphate buffer stock solution, 50% (w/w) PEG stock solution, and distilled water. The phosphate buffer stock solution prepared at constant weight ratio of 1.186:1 (K 2 HPO 4 :KH 2 PO 4 ) was used to maintain ATPS at pH 7.0. BSA was used without further purification in preparation of the stock solution with an accurately known concentration of 10% by mass. The protein partitioning in ATPS with a final mass of 10 g were performed in 15 mL graduated centrifuge tubes. The blank ATPS was allowed to equilibrate in a circulating water bath (Protech 830-S2, Malaysia) for 30 min to attain desired temperature (4-40 • C) prior to addition of protein.
When the working temperature had reached, final concentration of 0.1% (w/w) BSA was added unless otherwise stated. This protein mixture was mixed thoroughly using a vortex mixer (Velp Scientifica Zx 3 , Europe). The protein mixture was then placed in a water bath for 30 min to allow phase separation and protein partitioning at desired temperature. Phase separation was accelerated by centrifugation at 4000 rpm for 5 min. Samples were separately withdrawn from the top and bottom phases for BSA concentration quantification.
BSA concentration quantification
The concentration of BSA was measured by the Bradford method [17] with Coomasie brilliant blue G-250 dye. 10 L of sample was mixed thoroughly with 200 L of Coomasie dye in a microtiter plate using microplate mixer (Heidolph Instument, Germany). Interference from phase-forming components was taken into consideration. The samples from identical ATPS without protein prepared in parallel were used as blanks. These mixtures were incubated at room temperature for at least 5 min. The optical density was assessed at 595 nm using ELISA microplate reader (Sunrise Tecan, Austria). The amount of protein adsorbed at the interface was calculated as the difference between the total amount of protein initially added into ATPS and the final amount of protein partitioned to the two immiscible aqueous phases. The partitioning data were expressed as a mean of three independent readings. The partition coefficient, ln G was calculated as the ratio of the amount of BSA partitioned at the top phase (mg/mL) to the interface (mg/mL).
Results and discussion
Phase diagrams of PEG-phosphate ATPS
Presented on Fig. 1(a)-(d) are phase diagrams for PEG 1450-phosphate, PEG 2000-phosphate, PEG 3350-phosphate, and PEG 400-phosphate ATPS with experimentally determined binodal curves and TLL at 25 • C and pH 7.0. Binodal curve divides a region of component compositions capable of forming two immiscible aqueous phases (i.e. region above the binodal curve) from those which forms one phase (i.e. region below the binodal curve). The two nodes on the binodal curve that connected by TLL denote the final equilibrium composition of phase-forming components in the two bulk phases. The midpoints on the TLL represent the ATPS total composition which will give a volume ratio of 1:1 when the two phases are in equilibrium.
Effect of PEG molecular weight on the binodal curves
The effect of polymer molecular weight on binodal curves of PEG-phosphate ATPS studied in this work is shown in Fig. 2 . It revealed that the polymer molecular weight had a pronounced effect on the equilibrium phase compositions. It was found that the binodal curves move towards lower PEG and salt concentration as the PEG molecular weight increased. PEG molecule with higher molecular weight has longer chain length and higher hydrophobicity that cause the reduction of PEG solubility in PEG-rich phase. Thus, for PEG of higher molecular weight, lower PEG concentration is sufficient to build ATPS. This trend is consistent with the reports by other researchers [18] .
Effect of temperature on binodal curves and TLL
Protein shows better partitioning efficiency when ATPS composed of lower molecular weight polymer is used. The lowest polymer molecular weight used in this study, PEG 1450 was therefore selected to further investigate the effect of temperature on the equilibrium phase composition which will affect the protein partitioning behaviour. The effect of temperature on binodal curves of PEG 1450-phosphate ATPS is shown in Fig. 3 . With an increase in temperature, it was found that the region below the curves which represents a homogeneous system shifted nearer towards the origin. For the region above the curves, the area of two aqueous phases expanded. These results indicated that with an increase in temperature, ATPS formation occurred at a lower salt concentration with a given amount of PEG. This is attributed to an increase in phase forming ability in spite of the decrease in solubility [18, 19] . Experimental TLL of PEG 1450-phosphate ATPS for the temperatures, T = 283.15 K, 298.15 K, and 313.15 K are illustrated in Fig. 4 to demonstrate the effect of temperature on the equilibrium phase compositions. It is shown that the length and the slope of TLL increased with temperature. The TLL shifted in a clockwise manner for a given ATPS. This shift resulted in a rise of PEG concentration and a decline of phosphate concentration in the top and bottom phase respectively. The changes in equilibrium phase compositions could be caused by the increase of surface hydrophobicity of PEG molecules with increasing temperature [20] . Also, the solubility of PEG molecules in water reduces since the rise in temperature alters the solute-solute, solute-water, or water-water interaction of PEG molecules [21] . The enhanced interaction between PEG chains at the top phase causes water molecules being displaced to the bottom phase. Hence, the top phase becomes more saturated with PEG and the phosphate-rich bottom phase becomes more diluted. These changes in phase composition resulted in the increase of volume in phosphate-rich bottom phase at the expense of polymer-rich phase at elevated temperature.
Effect of PEG concentration and molecular weight on interfacial partition of BSA
The effect of increasing [PEG] (i.e. the increase of TLL) and polymer molecular weight on the interfacial partition behaviour of BSA, ln G in PEG-phosphate ATPS is presented in Fig. 5 . It appeared that there exist a good linear relationship between ln G and [PEG]. Table 1 shows the correlation results of ln G against [PEG] with Eq. (21): the slopes (A), intercepts (B), and correlation coefficients (r 2 ) for the linear regression of the data points presented in Fig. 5 . The correlation results show that the r 2 value being better than 0.98, indicating that Eq. (21) provides good fits to the interfacial partition of BSA in PEG-phosphate ATPS at pH 7.0 with TLL in the range of 44-60% (w/w) (i.e. the region where increasing precipitation at the interface occurred). The slope A of Eq. (21) is a coefficient which depends on protein type, polymer molecular weight and the protein interaction with polymer and water. When compared with the polymer molecular weight, a decreasing trend in A values and the intercepts, B is observed. The decreasing dependency of ln G on [PEG] reveals that the protein-polymer hydrophobic interaction decreases with increasing polymer molecular weight. This trend of partitioning for BSA molecule with a molecular weight of 66.7 kDa is in agreement with the fact that the protein partitioning behaviour is strongly affected by the polymer molecular weight for proteins with molecular weight above 50 kDa [22, 23] . Fluorescent studies by Lebreton et al. [24] showed that PEG molecule of lower molecular weight may interact strongly with protein, but decreases with the increase in PEG chain length [25] . Therefore, the proportional increment of [PEG] , namely the A values, required to effect a satisfactory protein recovery at the top phase decreases. It was observed that the amount of BSA adsorbed at the interface increased remarkably when the [PEG] and the PEG molecular weight increased. This changes were attributed to the increase in interfacial tension of ATPS and excluded volume effect [5] . This effect was more prominent at increased PEG molecular weight when the ATPS of similar
[PEG] were compared. Hence, the ln G decreased significantly with the increase of PEG molecular weight at constant [PEG] . The most pronounced effect was reported at PEG 4000 with [PEG] of 37.88% (w/w) as shown in Fig. 5 .
Although partition of BSA in ATPS composed of PEG 2000, 3350 and 4000 showed an overall interface preference, an increasing trend in ln G with [PEG] was observed at constant PEG molecular weight. The increase of ln G with [PEG] indicated the presence of favourable protein-polymer hydrophobic interaction at high PEG concentration. Optimum partitioning of BSA at the top phase in PEG 1450-phosphate ATPS was observed at [PEG] of 49.27% (w/w). These results are in agreement with the anisotropy results reported by Farruggia et al. [26] . The working pH 7.0 of the ATPS above the isoelectric point (pI = 4.8) of BSA also induces additional affinity of negatively charged BSA towards the PEG-rich phase. The increase in
[PEG] and TLL resulted in a higher phosphate concentration in the bottom phase that will have an impact on the protein conformation and hydrophobicity [24] . In the presence of high salt concentration, salt ions compete with charged proteins in aqueous solution for bonding with available water molecules. These salt ions dehydrate Table 1 Correlation results of ln G against [PEG] with Eq. (21) for the data presented in . 6 . Effect of temperature on interfacial partitioning of BSA in a 21.0% (w/w) PEG-18.5% w/w phosphate ATPS correspond to the 6th TLL in Fig. 1(a) . The initial concentration of BSA introduced was 0.1% (w/w). The fraction of the amount of BSA partitioned between the top phase and interface, ln G was plotted as a function of temperature (K) as described by Eq. (19) .
the protein (i.e. removal of structured water from proteins domain) and thus increases the hydrophobicity of protein [27] . Furthermore, the ability of PEG adopting compact structure makes its overall surface more hydrophobic, allowing it to interact with protein domain [28] . Consequently, higher concentration of target protein can be recovered in the top phase as a result of enhanced protein-polymer hydrophobic interactions at high PEG concentration. Our findings suggest that the effect of PEG concentration and molecular weight on interfacial partition of BSA in PEG-phosphate ATPS is a fine balance of protein-polymer hydrophobic interaction, PEG excluded volume effect, and the presence of interfacial tension effect. If the interfacial tension effect and PEG excluded volume effect were the major factors that affect the BSA partitioning, the slopes of data points in Fig. 5 , the A values would have been negative in value.
Effect of temperature on interfacial partition of BSA
The ATPS composed of 21.0% (w/w) PEG and 18.5% (w/w) potassium phosphate at pH 7.0 with a BSA concentration of 0.1% (w/w) was selected to investigate the effect of temperature on the interfacial partition of BSA. This ATPS was considered to be the suitable system to examine the changes in BSA interfacial partition behaviour in view of the BSA partitioned relatively equal among the top phase, interface and bottom phase at 298.15 K at equilibrium. A non-linear rectangular hyperbolic relationship between ln G and the temperature was observed in Fig. 6 . This result was in agreement with Eq. (19) that ln G was inversely proportional to temperature. The selective partition of BSA to the top phase decreased with an increase of temperature from 277.15 K to 313.15 K. From a temperature of 303.15 K onwards, BSA tends to partition to the interface as the ln G decreased from −0.38 at 303.15 K to −1.54 at 313.15 K. Similar trend has been reported by Luechau et al. [29] and de Belval et al. [30] .
Increasing the temperature of ATPS to 313.15 K will not denature the BSA since heating of BSA at temperatures below 348.15 K is a reversible two-state process [31] . Therefore, the appearance of protein in the interfacial layer is a partition process. It is not a precipitation process due to protein thermal denaturation. Instead, the BSA adsorbed at the interface undergoes reversible conformational changes that enhances the stability of the interfacial layer [6] . It was observed that during subsequent dilution of the harvested protein interfacial layer, a heterogeneous system was formed and BSA was soluble in the two aqueous phases.
The effect of temperature on protein partitioning can be attributed to several factors: change in phase composition, steric exclusion effect, and electrostatic interaction that interplay. The increase in temperature resulted in changes of the two aqueous phase composition (as described in Section 4.1.2 and depicted in Fig. 4) . Although the PEG concentration in the top phase increased, the protein-polymer hydrophobic interaction and ln G were not improved. In fact, the effective excluded volume in the top phase increases with increasing temperature [18] . Also, PEG becomes more extended in structure when temperature increases, thereby decreases its preferential interaction with protein [32] . Hence, this steric exclusion effect has driven the distribution of most BSA towards the interface and bottom phase. Whereas, the saltingout effect becomes less dominant in the diluted bottom phase with increased temperature. When the temperature increases, hydrophobic zones of the protein are more exposed to the aqueous solution, facilitating water molecules to form clusters around the protein domain more readily [32] . In this way, the solubility of BSA in the bottom phase was improved. Together with an increase of BSA exclusion from the PEG-rich phase, BSA accumulation at the interface, and solvation of BSA in the phosphate-rich phase of ATPS, the increase in temperature caused the lnG decreased significantly.
Effect of the BSA initial concentration on its interfacial partition
Operating ATPS extraction of targeted biomolecules at high protein loading is advantageous to increase the efficiency of recovery process. However, the capacity of the extraction process is affected by the solubilizing capacity of the ATPS. The effect of BSA load on the interfacial partition of BSA in ATPS which composed of 21.0% (w/w) PEG 1450 and 18.5% (w/w) potassium phosphate was exploited further by varying the BSA initial concentration from 1 mg/mL to 5 mg/mL. It was observed that bulk partition of BSA occurred at the top phase, interface and bottom phase of the ATPS. The partition coefficient, K (i.e. the ratio of BSA concentration partitioned at the top phase to the bottom phase) remained relatively constant regardless of the increment in BSA load ( Fig. 7(a) ). The proportional increase of the amount BSA accumulated at the interface with the initial concentration added indicated that there appeared to be a lack of a saturation point at the interface (Fig. 7(b) ). Similar phenomenon has been observed by Kimura [15] who investigated the distribution of low molecular mass, high molecular mass and natural RNA from bakers' yeast.
Depending on the protein physico-chemical properties, true partitioning behaviour in ATPS only occurs at relatively low protein concentration [14] . Fig. 7(c) shows the effect of BSA load on the relative distribution of BSA partitioned in the top, bottom and interface of the ATPS studied. Based on the results, it appeared that the solubility limit of BSA in the top phase (ca. 0.9 mg/mL) and bottom phase (ca. 0.7 mg/mL) had been reached at a relatively low BSA concentration. The decrease of relative distribution of BSA in the two aqueous phases suggested that additional protein added was being precipitated to the interface due to phase saturation. The maximum concentration of protein that soluble in the top phase was determined by the protein-polymer hydrophobic interaction while the salt-rich bottom phase was determined primarily by salting-out effect [33] . Since the PEG concentration in ATPS was constant, the amount of polymer available in the top phase to promote further protein-polymer hydrophobic interaction after solubility limit of BSA in the top phase had been reached was therefore a limiting factor. Similarly, for the bottom phase, the constant amount of phosphate at the bottom phase had limited the amount of BSA which can solubilize in it once the saturation point had been reached.
Conclusion
A relationship which described the interfacial partition of protein in PEG-phosphate APTS was proposed. Based on the experimental results, a linear relationship between ln G and [PEG] that agrees with the relationship, Eq. (21) proposed was observed. This relationship was found to apply to the interfacial partition of BSA in PEG-phosphate ATPSs which composed of PEG 1450, 2000, 3350 and 4000, with TLL in the range of 44-60% (w/w) at pH 7.0. The temperature variation studies demonstrated that the ln G was inversely proportional to temperature as described in Eq. (19) . BSA partitioning exhibited preference for the interface when temperature of ATPS operated above 303.15 K. The solubilizing capacity of the ATPS had an impact on the interfacial partition behaviour of BSA. It was found that additional protein added into the ATPS was precipitated to the interface when the solubility limit in each top and bottom phase had reached. Thus proportional increase in accumulation of protein at the interface with the increase in protein load was observed. In ATPS with longer TLL, higher PEG molecular weight, working temperature, and protein loading, the interfacial partition of protein would prevail. The results suggested that the [PEG] and the relationship developed could be used as a good start to predict the interfacial partitioning behaviour and separation efficiency of other biomolecules in PEG-salt ATPS.
